INTRODUCTION
roots contain high moisture [Eleazu et al. 2011] , making their transportation from rural areas diffi cult and expensive.
To forestall early deterioration and because of its bulky nature, cassava is usually traded in its processed form [Ukwuru and Egbonu 2013] . Processing the tuber into a dry form reduces its moisture content by converting it into a more durable product.
High quality cassava fl our (HQCF) is a promising market that has gained popularity in West Africa over the past few years [Komlaga et al. 2012] . The use of HQCF can serve as a replacement for wheat fl our in the bakery sector and as an alternative or component in traditional cassava products such as: instant fufu (doe) in Ghana or fermented fufu in Nigeria.
One of the measures that was put in place for the adoption of HQCF technology in Nigeria was the Presidential Initiative on Cassava, launched in Nigeria in 2003 with the aim of inclusion of 10% cassava fl our to the wheat fl our used in bread making [Sanni et al. 2009] .
Despite the efforts by the Nigerian government for the sustenance of the HQCF technology and irrespective of the fact that the use of HQCF for the production of baked goods, if feasible, could help to lower the dependence of Nigerians on imported wheat, many Nigerians are still hesitant on incorporating it into wheat fl our, for their confectionaries at different levels of substitution. One of the reasons that has been given by those in the bakery sector for the slow adoption of this technology is the fear of the presence of toxic principles in cassava, its bulkiness, short shelf life of the baked product, arising from increased moisture and microbial growth (personal communication) .
Since the use of HQCF for the production of baked goods, if feasible, could lower the dependence of Nigeria on imported wheat and being that the method of fl our preparation is important in determining the quality of the cassava fl our for confectionaries, this study was set out to comparatively analyse, the food qualities (physicochemical properties, phytochemical composition, antioxidant activities and microbial load) of HQCF produced from indigenous technology and that of some commercially sold wheat and HQCF samples.
MATERIAL AND METHODS
Three samples of high quality cassava fl our (HQCF) and two samples of wheat fl our (WF) were used for the study. The HQCF samples labeled (SME 1) and (SME 2) were the fl our samples of two different varieties of cassava from a private farmer intending to go into bread production, the HQCF labeled DAT (HQCF control) was obtained from a commercial HQCF company, the 100% wheat fl our (unbranded) was obtained from the open market while the sample labeled HW was obtained from a branded company involved in commercial production of wheat fl our.
Preparation of HQCF using indigenous technology
The method employed for the preparation of the HQCF samples (SME 1 and SME 2) involved: peeling, washing, cutting into chips, grating to mash, dewatering in clean bags, disintegration of lumps (of particle size about 3 mm), sun drying on a raised platform, milling into fl our and sieving of the particles with muslin cloth to obtain high quality cassava fl our (HQCF).
Starch extraction
One hundred grams of each fl our sample was dissolved in distilled water and left overnight. Each mixture was fi ltered through a triple-layered cheese cloth and the starch washed thoroughly with distilled water in pre-weighed beakers. The granules were allowed to sediment for 4 to 5 h after which the water was decanted and the wet cakes sun dried and re-weighed for starch yield.
Determination of starch yield
The starch yield of the fl ours was calculated as:
where: W 0 -weight of sample, W 1 -weight of empty beaker, W 2 -weight of beaker + sample after drying.
Analysis of the functional properties of the fl ours
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pH
The pH of the fl our samples was measured by making a 10% (w/v) suspension of each sample in distilled water. The suspensions were mixed thoroughly and the pH measured with a Hanna pH meter (Model HI1270).
Proximate analysis
The percentage moisture, ash, lipid and protein contents of the fl our samples were determined using the method of AOAC [1990] . The percentage carbohydrate contents of the samples were obtained by difference, their energy values were calculated using the Atwater Formula and results were expressed as Kcal/100 g.
Phytochemical analysis
The gravimetric method of Harborne [1973] was used for the determination of total alkaloids, the method of Okwu [2004] was used in the determination of the total fl avonoids, the alkaline picrate method of Onwuka [2005] was used for the determination of the cyanide while the AOAC method [1990] was used for the determination of the tannin content of the fl ours.
Antioxidant assays
The DPPH free radical scavenging assays of the fl our were determined using the method of Blois [1985] while the reducing power of the samples was determined using the method of Pulido et al. [2000] . Quercetin was used as the standard for both assays.
Microbial assay
The total viable counts of the fl our samples were determined using the Pour Plate Technique [Fawole and Oso 1986] . The bacterial and fungal identifi cation were done using the methods of Buchannan and Gibbons [1975] and Barnet and Hunter [1987] .
Statistical analysis
Data was subjected to analysis using the statistical package for social sciences (SPSS), version 15.0. Results are presented as means ±standard deviations. One way analysis of variance (ANOVA) was used for the comparison of the means. Differences between means were considered to be signifi cant at P < 0.05 using the Duncan Multiple Range Test.
RESULTS AND DISCUSSION
The higher bulk density of the wheat fl our samples investigated as shown in Table 1 , compared with the cassava fl our samples, is a signifi cant fi nding in this study as this suggests that wheat fl ours are heavier than cassava fl ours in terms of particle size.
Water absorption capacity measures the ability of a fl our to absorb water and swell for improved consistency in food [Okezie and Bello 1988] while oil absorption capacity (OAC) is important because it acts as fl avour retainer and increases the mouth feel of foods. The major chemical compositions that enhance the water absorption capacities of fl ours are proteins and carbohydrates since these constituents contain hydrophilic parts such as polar or charged side chains. The changes in the WAC and OAC of the fl our samples might be attributed to the number and nature of the water-binding sites, structure, and chemical composition. The higher WAC of the HQCF from DAT Company as shown in Table 1 , compared with other fl our samples investigated, could be indicative of higher polar amino acid residues of proteins having an affi nity for water molecules and this is an advantage for it in this regard while the higher OAC of HQCF (SME 2) obtained from indigenous technology, compared with other fl our samples as shown in Table  1 , indicates possibilities of better fl avour retainer than other fl our samples.
Gelatinization temperature is the temperature at which starch molecules in a food substance lose their structure and leach out from the granules as swollen amylase and it affects the time required for the cooking of food substances. Results obtained in this study, as shown in Table 1 , indicate that the gelatinization temperature of all the fl our samples investigated fell within the range given by ARSO [2012] . In addition, the wheat fl our samples were observed to have higher gelatinization temperature than the HQCF samples and this is a signifi cant fi nding in this study.
The pH of a fl our suspension is important since some functional properties such as solubility, emulsifying activity and foaming properties are affected by it. High pH starches have been reported to have increased solubility because of increased hydrophilic characters of the starch at these pH values [Tsakama et al. 2010] . Results obtained in this study, as shown in Table 1 , indicate that the pH of the unbranded wheat fl our and that obtained from HW Company, fell within the specifi ed requirement of ARSO [2012] while that from DAT was below the acceptable range and lower than those produced from indigenous technology.
Emulsion capacity simply determines the maximum amount of oil that can be emulsifi ed by protein.
Values shown in Table 1 indicate that all the fl ours had moderate emulsion capacities.
The DPPH assay is a widely accepted method for the determination of the antioxidant activities of various food systems. As observed in this study, the DPPH antioxidant activities of the fl ours decreased in the following order: HQCF (DAT) > HQCF (SME1) > HQCF (SME 2) > 100% wheat fl our (nbranded) > HW wheat fl our ( Table 2) .
The DPPH assay is limited to neutral and higher pH applications and also suffers from colour interference [Choong et al. 2007 ] and this informed the assay of the reducing power of the fl ours. Reducing power assay employs the reduction of Fe 3+ to Fe 2+ through electron transfer. This method serves as a good indicator of Values are the means ±SD of triplicate experiments. SI -solubility index, EC -emulsion capacity, OAC -oil absorption capacity. the antioxidant capacity of any plant since antioxidants are good reducing agents. As shown in Table 2 , the reductive capacities of the samples decreased in the order: HQCF (DAT) > HQCF 1 (SME 1) > HQCF 2 (SME 2) > 100% wheat fl our (unbranded) > HW wheat fl our. The ash content of a sample is a measure of its total inorganic mineral content. Results shown in Table 3 , indicate that all the wheat fl our samples contained higher mineral contents than the HQCF samples. The HQCF samples contained higher moisture than the wheat fl ours and this was expected as cassava is known to contain very high moisture content. In addition, the values that were obtained for moisture in all the fl our samples as shown in Table 3 were low and they fell within the range given by ARSO [2012] .
The percentage lipid contents of the fl our samples ranged from 0.23 to 1.56. The wheat fl our samples were observed to possess higher lipid contents than the cassava samples (Table 3) .
Crude fi bre is used as an index of evaluation of dietary fi bre contents which serves as a useful tool in the control of oxidative processes in food products [Eleazu et al. 2011] . The crude fi bre contents of all the fl our samples investigated, as shown in Table 3 , conformed to the standard of ARSO [2012] with higher values seen in the unbranded wheat fl our sample.
Phenolic compounds refer to a class of compounds containing a benzene ring with one or more hydroxyl groups, derived from the secondary metabolism of plants that affect the taste, odour, colour, qualities, nutritional and antioxidant properties of foods. The phenolic compounds in plants include: fl avonoids, alkaloids, condensed tannins, etc.
Tannins can cause browning in both fresh foods and processed products [Chikezie et al. 2008] . Results shown in Table 4 , indicate that the unbranded wheat fl our sample, contained signifi cantly (P < 0.05) higher quantities of tannins compared with the HQCF (SME 1) and Honeywell wheat fl our samples investigated but not signifi cantly different from that of the HQCF (SME 2).
Flavonoids are potent water soluble antioxidants that prevent oxidative cell damage with anti-carcinogenic actions. As shown in Table 3 , the HQCF (SME 2) contained signifi cantly (P < 0.05) higher quantities of fl avonoids compared with other samples investigated and this confers better potentials to it in terms of antioxidants.
Cyanogenic glucosides are compounds that yield glucose, hydrogen cyanide and aldehyde or ketone upon hydrolysis with an acid or enzyme. This cyanide could be lethal as it intercalates with cytochrome oxidase for aerobic function [Bolhius 1954 ].
The lethal dose of cyanide in humans has been reported to range from 50-300 mg/kg body weight [Bolhius 1954 , Akiyama et al. 2006 . Surprisingly, the wheat samples obtained from the open market as shown in Table 3 , contained signifi cantly higher quantities of cyanide than the HQCF samples despite having higher pH. For cassava fl our, 10 mg HCN/kg is recommended [Codex... 1985] . One plausible explanation for the higher cyanide contents of the wheat fl our samples could be the effect of alkaline hydrolysis of the grains by the alkaline picrate, that releases phenol aglycons from ester and glycoside compounds within cell-wall polysaccharides [Rispail et al. 2005, Litvinenko and Makarov 1969] . It is thus possible that this method may not have given a true picture of the cyanogenic glycoside contents of the wheat fl ours. It will therefore be worthwhile to further characterise the phenolic profi le to validate our claim. Alkaloids are the most effi cient therapeutic plant phytochemicals as they confer antimicrobial properties to various plants [Eleazu et al. 2011] . As shown in Table 3 , the HQCF sample obtained from DATCO company, was observed to contain signifi cantly (P < 0.05) higher quantities of alkaloids compared with other fl our samples investigated.
The mean bacteria counts of the HQCF samples ranged from 2 × 10 3 to 1.4 × 10 4 cfu/ml as shown in Table 4 . The HQCF sample (1) was observed to have lower microbial load, compared with the HQCF (2), HQCF (DAT) and the unbranded fl our except the Honey well wheat fl our. In addition, all the fl our samples analysed, had higher staphylococcus isolates compared with the standard of ARSO [2012] . However, the amount of staph isolates in the HQCF (SME 1), HQCF (SME 2) and HW wheat fl our samples fell within the standard given by FAO [2004] while that of the unbranded wheat fl our didn't conform to this standard. The higher bacterial load of the unbranded wheat fl our, despite its lower moisture contents compared with the HQCF samples, shows that apart from moisture, the processing environment of food samples could play contributory roles to their contamination by microorganisms.
The sterile quality of the wheat fl our from honey well is the most signifi cant fi nding in this present study and this could be attributed to its low moisture content in addition to its processing environment. Further microbial analysis, indicated the absence of enteric bacteria in all the fl our samples analysed.
The fungi counts of the fl our samples ranged from 0 to 2 × 10 3 as shown in Table 4 . The microorganisms isolated in this study include: Lactobacillus spp., Staphylococcus, Bacillus, Aspergillus fl avus, Penicillum spp. and Aspergillus niger. Although these organisms are potentially pathogenic, their counts recorded (less than 10 cfu units/ml; except the 100% unbranded) are quite low to cause any deleterious effect. Results obtained for microbes in these fl ours (except the unbranded wheat fl our) are consistent with that of FAO [2004] indicating that their shelf life could be increased if packaged well and stored. This study shows the microbial hazards associated with buying unbranded fl our samples. The starch contents of the fl our samples, as shown in Figure 1 on dry weight basis, ranged from 63.15 to 81.35%. The HQCF sample (SME 1) contained the highest starch content (81.35 ±0.04%) while the HQCF sample (2) possessed the least (63.15 ±0.22%).
Correlation analysis carried out revealed that there was signifi cant positive correlation between reducing power of the samples and their DPPH antioxidant activity (R 2 = 0.872; Table 5) indicating that either could be used to assay for the total antioxidant activity of HQCF and wheat fl our.
CONCLUSIONS
The use of this indigenous technology produces HQCF with lower lipids, microbial contamination but higher fl avor retaining ability, fl avonoids and starch contents than wheat fl our while wheat fl our was found to contain higher amounts of minerals, lipids, bulk density, crude fi bre and tannins than HQCF.
The higher bacterial load of the 100% wheat fl our sample obtained from the open market, despite its low moisture contents shows the microbial hazards associated with buying unbranded fl our samples. Eleazu C.O., Amajor J.U., Ikpeama A.I., Awa E., 2011. Studies on the nutrient composition, antioxidant activities, functional properties and microbial load of the fl ours of ARSO Standard: Minimum of 65% on dry weight basis. 
